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論 文 内 容 の 要 旨 
This thesis presents a new workflow model for providing high quality GPS positioning 
in a cost-effective manner and thereby enabling a variety of novel usages of location information. 
The model proposed and implemented as a part of this research takes into account various 
factors that result in degradation of GPS positioning and proposes a series of steps that mitigate 
them. These steps range from simple data filtering techniques to more complex algorithms that 
take into account the physical state of target object for enhancing the quality of GPS tracks. 
Secondly, map-matching and line simplification algorithms have been developed and 
implemented in order to improve GPS tracks by constraining them to existing transportation 
routes. Such constraints are specifically applicable in urban environments with dense network of 
roads and buildings. Furthermore, enhancing in the quality of GPS data itself is achieved by 
using relative kinematic positioning algorithms of the goGPS engine to achieve sub-meter 
accuracy using low-cost devices.  
With the aim of providing high quality GPS positioning that are required in a variety of 
applications, GPS data processing algorithms are implemented as Web Services using Open 
Standards and Open Source Software. Handling of large number of users and data volumes were 
addressed by implementing the services on a Grid computing platform. Benchmarking tests have 
been carried out to demonstrate the scalability and interoperability of the system. Finally, this 
thesis also describes some ongoing practical adoptions of sub-meter GPS positioning that has 
evolved during the course of this research.  
 
Chapter 1 presents the need for high-quality and low-cost GPS positioning and outlines the 
research objectives. 
Chapter 2 discusses GPS track management system that allows storage, filtering of low quality 
data.  
Chapter 3 describes line simplification and map-matching to provide constrained positioning 
that are especially required for moving targets in urban environments with dense building and 
road networks.  
Chapter 4 outlines relative kinematic positioning and describes implementation on a proprietary 
computing framework and also on Open Source platforms. It compares the two solutions to 
evaluate suitability for Web Processing Service (WPS) implementation.  
Chapter 5 gives an overview of WPS and provides examples of web services for GPS data 
processing.  
Chapter 6 demonstrates GPS processing services on grid platform and evaluates the scalability 
of the implementation.  
Chapter 7 presents some practical applications that have resulted from this research giving 
examples of system and services that apply some of the outcomes of this research 
Chapter 8 summarizes the main conclusions and proposes future directions for research and 
development. 
 
論 文 審 査 の 結 果 の 要 旨 
In the manner that accurate measurement of time became ubiquitous with availability 
of low-cost watches and clocks, measurement of location is tending to become ubiquitous with the 
proliferation GPS satellite constellations and low-cost receivers. The ability to measure position 
in space at a given point of time offers immense potential for use in day-to-day life as well as 
specialized applications such as surveying, automation in industrial and agricultural sectors, 
transportation and infrastructure/asset management. There are several problems and issues 
that need to be tackled before high quality GPS positioning becomes available for a wide variety 
of applications at affordable costs.  
The thesis examines the limitations of existing GPS positioning hardware and software 
and proposes a new workflow for generating and serving high quality location information in a 
cost effective manner. Further, data processing algorithms are implemented as Web Services on 
Grid platform, thereby offering interoperability and scalability to the workflow.   
The research outcomes not only indicate a deep knowledge and clear approach to the 
research problem but also demonstrate the vast potential of the research outcome in diverse 
fields such as social networking, infrastructure management, industrial automation and 
transportation. Further, algorithms and services have been implemented on an Open Source 
platform, thereby allowing for customization and continued innovation by the worldwide 
community of researchers and developers.  
As part of the future work, parallel processing and support for other satellite 
constellations has been proposed to improve speed and accuracy of GPS positioning. In addition, 
ongoing efforts to develop a prototype hardware that would exploit the full potential of gathering 
and using sub-meter level GPS positioning have been highlighted. 
 In view of the above, the present thesis was evaluated to be of high quality and as a 
significant contribution in the field of Spatial Information Science and Applied Geomatics. 
Therefore, this examination committee unanimously recommends that the author of the thesis 
be awarded the degree of Doctor (Creative Cities). 
 
 
 
 
 
 
